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We, United Kingdom Atomic Energy 
Authority, London; a British Authority, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
5 the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement : — 

This invention relates to nuclear reactor 
safety rods. 

10 The reactivity of a nuclear reactor is con- 
ventionally controlled by control rods which 
are moved into and out of the core of the 
reactor ^the ^iods may j e of fissile material 
or neutjro^^^rbjn ^maTeTTal._ Certain of th ese 

15 rods are usually designated safety rods and" 
provide a safety system which serves to shut 
down the reactor in the event of an emer- 
gency, for example a failure in the circulation 
of coolant through the core. Safety rods must 

20 be capable of moving very rapidly and their 
reactivity equivalent, a measure of the re- 
activity the rods can control, must be appreci- 
ably greater than the maximum excess reac- 
tivity built into the reactor. One well-known 

25 method of ensuring movement of safety rods 
to their shut-down position is to hold the rods 
above this position by means of a latch which 
is tripped in the event of an emergency to 
allow the rods to fall to their shut-down posi- 

30 tion. In some reactors movement of safety 
rods is assisted hydraulically or by springs. 

According to the present invention, a 
nuclear reactor having a core and a circuit for 
circulation of fluid coolant through the core 

35 is provided with a guide tube connected into 
the coolant circuit and having a part penetrat- 
ing the core, and with a reactivity controlling 
body immersed in coolant within the guide 
tube which is biassed towards a reference 

40 position in which the reactivity of the core is 
reduced but which is supportable, against the 
bias, by flow of coolant through the guide 
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tube, in a position of less reducing effect on 
the core reactivity. 

In one application the reactivity controlling 45 
body is a safety rod which is biassed towards 
a reactor shut-down position and is support- 
able, against the bias, in an operational posi- 
tion by coolant flow in the guide tube result- 
ing from operational flow of coolant in the 50 
coolant circuit. 

On embodiment of the invention will now 
be described by way of example with reference 
to the diagrammatic drawing accompanying 
the provisional specification which shows part 55 
of the core of a reactor fitted with a safety 
rod. 

The reactor of this example is a heterogene- 
ous, gas^cooled, graphite-moderator reactor. A 
graphite core structure 11 has upright fuel 60 
channels 12 in which fuel elements (not 
shown) of fissile material are stacked. A 
gaseous coolant (arrow 13), for example 
helium, is circulated through a coolant cir- 
cuit and sweeps up the fuel channels abstract- 65 
ing heat from the fuel elements to yield the 
heat subsequently to a heat exchanger (not 
shown). 

Extending through the core structure and 
upwardly above this structure, parallel to the 70 
fuel channels, is a guide tube 14 (several such 
tubes may be provided in one reactor). The 
lower end of the guide tube is open whilst the 
upper end is closed by a grid which has aper- 
tues 15. The lower end of the guide tube is 75 
placed in communication with incoming cool- 
ant in the coolant circuit so that a by-pass 
stream of coolant flows up the guide tube and 
bleeds through the apertues 15 to rejoin the 
main stream of coolant which has swept the 80 
fuel channels. 

Within the guide tube is a reactivity con- 
trolling body in the form of a safety-rod 16 
constituted by a closed, hollow, thin-walled 
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cylinder of . neutron-absorbing material (where 
a reactor has several guide tubes there would 
be one safety rod in each tube). The safety 
rod is a stream-lined shape and is immersed in 
coolant within the guide tube being free to 
move between a lower reference position (full 
lines), in which it is positioned within the core 
resting upon a grid 17, and an upper opera- 
tional position (broken lines) in which it is 
situated outside the core. 

The safety rod is biassed by gravity to its 
lower reference position in which its neutron- 
absorbing character acts to reduce the reac- 
tivity of the reactor; accordingly this position 
is appropriate to reactor shut-down . When the 
reactor is brought into operation, circuIatiorP 
o t the coolant in the coolant circuit is com~ 
menced with the result that the safety rod is 
lilted by the result a nt flow of coolant through 
rhe guide tube whicK subjects the rod to a vis^ 
cous drag. On the reactor achieving normal 
coolant flow at operational pressure, the safety 
rod is held in its upper operational position 
in which its neutron-absorbing character has 
little effect on the reactivity of the reactor. 
While the safety rod is in its operational posi- 
tion, it remains immersed in coolant which 
flows through its guide tube and this coolant 
flow sweeps the apertures 15 keeping them 
free. Minor oscillations in the coolant flow 
do not cause the safety rod to move sufficiently 
to affect the reactivity of the reactor. 

Should there be a failure in the circulation 
of the coolant, for example due to some elec- 
trical failure, the reduction of coolant flow 
would permit the safety rod to fall in the 
guide tube until, in the absence of coolant 
flow, it rests in its shut-down position. 

The safety rod is replaceable and need not 
have a long irradiation life. The rod does not 
suffer much absorption depletion by neutron 
capture while it is in its operational position. 

In a reactor fitted with safety rods embody- 
ing the invention, it is desirable that other con- 
trol rods have an overriding reactivity equiva- 
lent so that levitation of the safety rods could 
not in itself render the reactor critical. 

It is to be understood that the invention is 
not limited by the details of the foregoing ex- 
ample; for instance although the safety sys- 
tem has been described with reference to a 



gas-cooled, graphite-moderated reactor, it is 
equally applicable to reactors in which the 
coolant is water or a liquid metal. 

Our Patent No. 907394 is directed to a 55 
nuclear reactor having a core in which re- 
activity controlling bodies are biassed towards 
a position in which the core is rendered non- 
critical and are held against the bias in posi- 
tions in which the core is rendered critical by 60 
means powered by the flow of reactor coolant. 
WHAT WE CLAIM IS: — 

1. A nuclear reactor having a core and a 
circuit for circulation of fluid coolant through 
the core wherein a guide tube connected into 65 
the coolant circuit has a part penetrating the 
core and wherein a reactivity controlling body 
immersed in coolant within the guide tube is 
biassed towards a reference position in which 

^the reactivity of the core is reduced but is 70 
" supportable, against the bias, by flow of cool- 
ant through the guide tube in a position of less 
reducing effect on the core reactivity. 

2. A nuclear reactor as claimed in claim 
1 wherein the reactivity controlling body is a 75 
safety rod which is biassed towards a reactor 
shut-down position and is supportable, against 
the bias, in an operational position by coolant 
flow in the guide tube resulting from opera- 
tional flow of coolant in the coolant circuit. 80 

3. A nuclear reactor as claimed in claim 1 
or claim 2 wherein the guide tube is upright 
and the reactivity controlling body is biassed 
towards its reference position by gravity. 

4. A nuclear reactor as claimed in claim 3 85 
where one grid supports the reactivity con- 
trolling body in its reference position and a 
second grid limits movement of the body away 
from its reference position. 

5. A nuclear reactor as claimed in any one 90 
of the preceding claims wherein the reactivity 
controlling body is of neutron-absorbing 
material. 

6. A nuclear reactor eguipped with a re- 
activity controlling unit substantially as here- 95 
inbefore described with reference to and illus- 
trated in the drawing accompanying the pro- 
visional specification. 

J. U. NEUKOM, 
Chartered Patent Agent, 
Agent for the Applicants. 
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This invention rentes generally to neutronic reactors 
and more particularly to a control rod drive svstcm for 
use in neutronic reactors. 

Characteristic of most neutronic reactors is the use 
of neutron absorbing control rods to resuiate and control 
the neutron chain reaction contained therein. The con- 
trol rods are generally disposed to move vertically into 
and out of the reactor core and are moved throuch the 
use of clectro-mechanica! drive units with direct mechani- 
cal linkages. Electro-mechanical units, however, are in- 
herently complex and costly and require considerable 20 
space. The complex nature of such control rod drive 
units decreases their reliability and increases the time and *~ 
expense required for maintenance operations. Inasmuch 
as reactor operation is highly dependent upon the proper 
functioning of its control rods, the safctv and economy 25 
of operation of reactors which utilize complex electro- 
mechanical control rod drive systems is reduced. Th-- 
cost and space requirements of electro-mechanical drive 
units restrict the number and spacing of control rods 
which can be used in a single reactor. Use of a limited 30 
number of widely spaced eorit.cl rods dives ri.se to un- 
desirable perturbations in the neutron flux distribution 
and forces a higher degree of reliability on each cont-o! 
rod. 

A further undesirable limitation of electro-mechanical 
drive systems is their inability to operate in very hich 
temperature or radiation environments, 'this onrrntin'i 
limitation necessities the isolation of control' rod "drives 
from the high temperature and radiation zones charac- 
teristic of most reactors. i 

It is. therefore, a genera! object of this invention to 
provklt a control rod drive system of simplified design 

Another object of this invention is to provide a control 
ro J drive system having inherent safeiv features. 

Another object of this inv-jr.iion is to provide a control 
rod drive s;.stem uhieh v ill r:r mit the use of cW-i- 
spiced control rod channels. 

Still another object of this invention is to provide a 
control red drive system capaolc of operation in a S h 
temperature environment. 

A further object of this invention ij to provide a * 
trol rod drive :.\,iem capable o:' operation in an :r:t:r.;- 
radiation environment. 

Other objects or this inversion v. ill be ap'sannt :>n 
an examination of fr.c following .:e:cr;piicn of the inven'- 55 
uon nnd the appended draw-v;:;. -..herein: 

FIG. I is an il-iM.-uiior. of a y;:s copied reactor \i'S'-zhvi 
an embodiment of the subject control rod drive \-.eri". 

FIG. 2 is a graph i-iusirahrig the performance J-;.-- GO 
aetcr : s.ics of control rod drive, cr..i,:rae;.;d aeccrdiv V 5 
the Miijjcet invention. 

m In accordance with t'nc Kr.r^:< o: the present inven- 
tion, the above objects are attr-ined by a crrtrol rod drivj 
system comprising an outwardo. t.iporeJ :ube member tio 
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coaviaily mounted atop each control rod channel, tluid 
in.ei means at the bo. ton) oi' the uncrcd tube member 
huid pumping means of variable capacity adapted to pumn 
!l:iid un-vardiy thrnuoh the omwardlv t;i»-,c:in^ tube mem- 
ber, a iioat m.n bor disposed the nne-od tube 
member and adapted 10 chrn-e h< ve.:ieai k>Mti»n im 
rc-pmsc to variations in the :iuid How rate ihrotiuh the 
lupered tube member, connectinj mean:; communicating 
between ihe iioat member and the corresponding control 
rod. and ileal position indicating means adapted to indi- 
cate the vertical position of the Ileal member, therebv 
indicating the corresponding control rod position 

To illustrate the invention in greater detail, reference 
13 made to the drawings, initialiy to FIG. I, v. hich is a 
vertical cross sectional view of the reactor disclosed in 
an application of common assignee, Serial No. 107,601 
fi ed May 3. 1961. now U.S. Patent No. 3,l(hl.lK7, adap'-M 
to use applicants control rod system. A substantially 
cylindrical reactor core J is enclosed by a spherical pres- 
sure shell 2 wh:ch is provided with a cool-gas inlet 3 
_Jrom a _b!ow cr fnot shown), a hot-gas outlet 4 to a load 
Mich as the schematically illustrated steam venerator 5 
a concentric cool-gas return inlet fi. and a cool-s:u re- 
turn outlet 7 to the low pressure side of the blower 
Core 1 is made up of a mu-iipliciiv of small diameter 
gniphite spheres confining a fissionable material such as 
a portion of whi;h are indited by reference nu- 
meral Y A lover reject. >r f). an upper reHeCor JO in 
annular side reflector M, and wod-e shared a.inii'ar 
corner reactors 12 define the outer :jr.:i;s of the co- 
!o-vcr ivihcior 9 serving addrWiraily as a support for fu.-l 
s-phcres :!. Craphi** fuel spheres S JcaJcd i-.jo i*v 
core ihroii:\i a piara'Hy of ioaJing tubes porctrvi^ 
the upper rejector iO and are r.mcvcd through out'n 
u.bes 27 which rvr.etrnte through ^he iowcr reflector 9 
r y^-h* 1 ™ :) U — :l redccior and 14. 

Grid .s m turn supposed by a grid 15 which is car- 
ried oy frc:.:.u;e-»e:>vj!^upported tube; IS. Ane.tures (7 
n tuoes Z6 are provided so a.i to enable coo-ant ca s ;la v 
to the core reg:oni a!:ove .he inferiors «;f i^e' tunes. Tiu 
mictior or ia;h supporting ii-be U, comrnimicates v. iiH 
the iKictrrr o; an av^cuud avce.-.s t.ibe which i, 
v.u-J w.ih a rctrsovaWc *hicU p^jg to. 

\Vh-en ihj reac;-v i^ in cr> v . :i ;:. !:1 . :;1 C A!e< iorb I.v- tcJ 
blower O»;o.-:- a ya-.r-u* -> 0 :;^; ihrou^h i n ; v i jt i n ,o an 
m.ct p:e:vuo lo ...!r.h ^-Hud by bottom re-; -tor ^ 
i.v^.oe.er po="!..«a :i or pressure v^vi ;:n j ;in tlW .. : . r 
e 22. i:?j iniet ::as >tream ,\ di^cied upwar.Jiv 
i.»rr;.!js .v-ttem ,v^e:er !#. cmc -.ut! t-o r-jL-e.or :t) 
:r;J ! e::.M r;. ;h: arro.-.. .\\.r irav..T-:-.« u.a 
:-*.ec;or .... ra, e s v:,r> h.-..^, : o on;:i l J3 7. ; . ; 
:s Je : ;-:i. ;;. :i -M-.-rs.tary jn^arcd j:. ,\ . = 

rccw-d Me:vb ; . in u-aro cen.raior 5 ihroneh ratie: 25 
A.:er .v:.t: .^-.;c,: j r , m Ler.e.:iu-r :". ibe < \* 

;:=,.. «. • v.- .■y !v ,-;:urn..*d c.o! 3:j i floes -hroueh 
.1 :rv periei'c:;. cf tie ^ide ecti.ctor i !. 
■•-r :.v top . . :he p'.j. v .: 1: 2 « through -n ;K - ^ 

App:ic:.ni" f con:rc! rod -ten is .,h.\* n in FTC. ! i-i 
j.n .c.t ,a;:a:-:e mr -a e v.Wh the ^jvc-J : bribed 
■ -:.-ior con,, p.. A r.-.i::u>:,Vi*iy of ii.bes Iv made o. ; low 
r'.cce c:v.. .,e;.o n t^.teriai P er:e.:;.:e r-rov/jio MvJ 
^a :.c 24. upp.r r,llectc»r 10, co.e 1 :uid 



